Percutaneous coronary intervention (PCI) is one of the most effective therapies for coronary artery disease, but stent restenosis remains an important clinical challenge. The studies about the independent effect of the number of stents on stent restenosis were limited.
Introduction
Coronary artery disease (CAD) has been a major cause of death in the world. [1] PCI is one of the most effective therapies for coronary artery disease. [2] In recent years, the development of the stent materials and related techniques had obviously decreased the complication rate. [3] The frequency of stent restenosis at 6 months after stenting is approximately 25% for bare metal stents and less than 10% for drug-eluting stents. Although intracoronary stent restenosis is much less common with the use of DES than with BMS, [4] the number of stents being implanted in interventional practice means that the stent restenosis remains an important clinical challenge. [5] Until now, there were some small sample studies showed that the number of stents was one possible risk of stent restenosis in patients undergoing PCI. [6] [7] [8] At the same time, these studies were about the incidence of stent restenosis at 6 months to 1 year and without adjusting the potential confounders. So, the independent effect of the number of stents on stent restenosis, especially to the delayed stent restenosis, was still unknown. The objective of the present study was to identify the independent effect of the number of stents on stent restenosis, especially to the delayed stent restenosis.
Data source
The data was provided by Tong-Wen Sun, which was stored in the dryad database (https://datadryad.org/resource/doi:10.5061/ dryad.13d31). [9] 
Inclusion criteria
Patients who underwent PCI between July 2009 and August 2011, A hospital in the Henan province, China, between 2009 and 2011.
Exclusion criteria
1) Patients were with prior PCI; 2) Patients were with prior CABG (Coronary Artery Bypass Grafting); 3) missing value of number or type of sent.
Patient and public involvement
New ethics approval was not applicable, because the original author had obtained the ethical approval when conducting this study.
Participants
The study was carried out on consecutively enrolled patients who underwent PCI between July 2009 and August 2011, at a single high-volume PCI center, a total of 2338 cases met the inclusion and exclusion criteria.
The main outcome
The main outcome was stent restenosis which was detected by follow-up angiography. The follow-up angiography only performed on the symptoms and the examination abnormalities.
The protocol of PCI
All patients were treated with loading doses of aspirin (300 mg) and clopidogrel (300 mg) before coronary intervention, unless antiplatelet medication had been given to them. The treatment strategy including stenting techniques, the selection of stent type, and the use of glycoprotein IIb/IIIa receptor inhibitors or intravascular ultrasound was all charged by the surgeon's discretion. All patients were prescribed to take aspirin 100 mg per day indefinitely, and take clopidogrel 75 mg per day for at least 1 year after PCI.
Patients were divided into the following 4 groups according to their clinical presentation and timing of PCI:
1) patients with ST-elevation myocardial infarction (STEMI)
treated with urgent PCI (urgent PCI); 2) patients with STEMI treated with delayed PCI (delayed PCI); 3) patients with stable angina (SA); 4) patients with non-ST elevation ACS (NSTE-ACS) including patients with non-ST elevation myocardial infarction (MI) and patients with unstable angina.
Clinical outcomes and data collection
The prospective data were entered into a database that contained demographic, clinical, angiographic and procedural information.
The median follow-up time of these patients was 29.8 months (quartiles, 25.6-34 months). After reading a lot of literature, we finally determined the variables that might be related to stent restenosis as follows: age sex hypertension stroke atrial fibrillation COPD (chronic obstructive pulmonary disease) OMI (old myocardial infarction) DM (diabetes mellitus) smoking statin aspirin clopidogrel LDL-C TC presentation stable angina type of stent 1-vessel two-vessel multi-vessel LM (left main stem) LAD (left anterior descending artery) LCX (left circumflex artery) RCA (right coronary artery) occlusion CTO (chronic total occlusion) ostial lesions and bifurcation lesion.
Statistical analysis
1) Statistical description: Mean ± standard deviation (x ± s) was used for continuous variables of baseline data in the 2 groups, and counts data were shown by numerical values and percentages. 2) Univariate analysis was carried out to detect the possible risk that may be associated with stent restenosis. 3) In multi-factor analysis, we adjusted the possible variables that may be related to stent restenosis to determine the relationship between the number of stents and stent restenosis. 4) Subgroup analysis of multi-factor regression analysis was carried out respectively based on age sex presentation and type of stent to further detect the relationship between the number of stents and stent restenosis. 5) Finally, we used forest to show the results of multivariate and subgroup analysis. All the statistical analyses were performed by EmpowerStats (version numbers: 2018-12-16, Copyright 2009 X&Y Solutions, Inc) and R software. P < .05 was considered as a statistical difference.
Results

Characteristics of the study groups
From July 2009 to August 2011, a total of 2338 cases met the inclusion and exclusion criteria. The clinical characteristics of patients were shown in Table 1 and Figure 1 .
The results of univariate analysis
The univariate analysis found that the stroke Non-DES bifurcation lesion and number of stents were associated with stent restenosis. The OR value of them were respectively 2.00 (95% CI: 1.12 to 3.58, P = .019), 2.13 (95% CI: 1.42 to 3.20, P < .001), 1.53 (95% CI: 1.03 to 2.27, P = .04) and 1.21 (95% CI: 1.08 to 1.37, P = .001). (Table 2) 3.
The results of multi-factor regression analysis
In multi-factor regression analysis, we adjusted the possible confounding factors that might be related to stent restenosis as follows: age sex hypertension stroke atrial fibrillation COPD OMI DM smoking statin aspirin clopidogrel LDL-C TC presentation stable angina type of stent 1-vessel two-vessel multi-vessel LM LAD LCX RCA occlusion CTO (chronic total occlusion) ostial lesions and bifurcation lesion to identify the independent effect of the number of stents on stent restenosis. We found that as the number of stents every increased by 1, the risk of stent restenosis increased by 38%, the adjusted OR value of it . When comparing with 1 stent, the 2-3 stents 4-5 stents and > = 6 stents were with higher risk of stent restenosis, the adjusted OR value of them were respectively 1.59 (95% CI: 0.88 to 2.86, P = .122),2.07 (95% CI: 0.91 to 4.71, P = .081) and 5.12 (95% CI: 1.68 to 15.57, P = .004) and the adjusted trend OR value was 1.59 (95% CI: 1.13 to 2.23, P = .007). When comparing with 1-2 stents, the adjusted OR value of 3-5 stents and > = 6 stents were also with higher risk of stent restenosis, the adjusted OR value of them were respectively 2.20 (95% CI: 1.24 to 3.90, P = .007) and 5.33 (95% CI: 1.89 to 15.08, P = .002) and the adjusted trend OR value was 2.26 (95% CI: 1.43 to 3.59, P < .001). (see Table 3 and Fig. 2) 3.4. The results of subgroup analysis of multi-factor regression analysis to further detect the relationship between the number of stents and stent restenosis
In subgroup multi-factor regression analysis, we adjusted the variables which were adjusted in multi-factor regression analysis, except itself of the subgroup variables. We found that patients with 50<Age 70 70 < Age female delayed PCI stable angina, NSTE-ACS , SES, and Non-DES, as the number of stents increased, the risk of stent restenosis increased obviously. Due to the small sample size of urgent PCI, the subgroup analysis of multi-factor analysis failed to get the results of subgroup after adjusting the related variables. While, patients with PES, as the number of stents increased, the risk of stent restenosis did not increase. (see Table 4 and Fig. 3) 
Discussion
In our study, we found that the number of stents was an independent risk of stent restenosis in patients undergoing PCI, especially for patients with any of the following conditions: 2 < the number of stents, 50 < Age, female, non-DES, or SES. There were some studies showed that the number of stents was one possible risk of stent restenosis in patients undergoing PCI. A total of 189 patients with 318 stents underwent invasive coronary angiography were enrolled in Yung-Liang Wan's study, they found that the number of stents was significantly related to stent restenosis. [6] In Volpe M's study which included 796 patients previously treated with PCI, they found that patients with stent restenosis received higher stent number (1.40 ± 0.74) than patients without stent restenosis (1.24 ± 0.51), P < .001. [7] In a retrospective study involving a total of 261 patients with coronary heart disease from Dongfeng General Hospital implanted with a coronary DES, number of stents was associated with stent restenosis. [8] However, these studies did not adjust the possible confounding factors only, so they could only show that the number of stents was one possible risk of stent restenosis in patients undergoing PCI. In our study, we not only found that the number of stents was associated with stent restenosis, but also verified that the number of stents was an independent risk of stent restenosis in patients undergoing PCI, after we adjusted the possible confounding factors that might be related to stent restenosis as follows: age sex hypertension stroke atrial fibrillation COPD OMI DM smoking statin aspirin clopidogrel LDL-C TC presentation stable angina type of stent 1-vessel twovessel multi-vessel LM LAD LCX RCA occlusion CTO ostial lesions and bifurcation lesion. After adjusting for other factors that may lead to restenosis of cardiac stents, we found that the risk of restenosis of 2-3 stents was not increased compared with that of 1 stent, but the further studies found that the risk of restenosis of 3-5 stents was 2.2 times of 1-2 stents. Therefore, when the number of stents was greater than 2, the risk of restenosis would increase significantly. Although the drug eluting stent can reduce the risk of early stent thrombosis, it can increase the risk of delayed stent thrombosis. [10] [11] [12] [13] The more stents, the higher the risk of stent thrombosis, [13, 14] and the thrombus organization would lead to stent restenosis. [15] [16] [17] At the same time, the more stents, the greater the damage to blood vessels caused by the stent itself. [18, 19] The inflammation reaction that caused by endothelial damage and the activation of platelets, fibrin and neutrophils, promotes proliferation of fibroblasts and smooth muscle cells, finally resulting in stent restenosis. [20] [21] [22] [23] [24] In addition, drug-eluting stents can cause structural and functional damage to endothelial cells, which can cause damage to vascular endothelial repair, and promote new atherosclerosis. New atherosclerosis may be also a possible reason for stent restenosis. [25] [26] [27] Our study showed that when the age was over 50 years old, the risk of stent restenosis increased by 36% for every additional stent, and when the age was over 70 years old, the risk of stent restenosis increased by 112% for each additional stent. The possible reason was that with the increase of age, hypertension, coronary heart disease, diabetes, cerebrovascular accident and other diseases were more likely to occur, and the risk of vascular injury and thrombosis was higher. [28] In addition, as a foreign body, the stent itself had a high risk of stent restenosis with the increase of the number of stents. [6] [7] [8] Therefore, when combining age >50 and more stents, the risk of restenosis will increase more obviously.
This study found that with the increase in the number of stents, the risk of stent stenosis in female patients was significantly higher than that in male patients. For every stent added, the risk of stent stenosis in female patients increased by 97%. The reasons may be as follows:
1) estrogen levels in the body decreased significantly after menopause with women, while estrogen could increase endothelial cell-mediated dilation and delay the formation of arteriosclerosis; [29, 30] 2) at the same time, the diameter of coronary artery in women is smaller than that in men, [31] so the stent placement would be relatively more damaging to blood vessels. Our study found that the risk of restenosis increased by 109%, 27%, and 121% for each additional stent of delayed PCI, NSTE-ACS and Stable angina. Due to the small sample size of urgent PCI, the subgroup analysis of multi-factor analysis failed to get the results of subgroup after adjusting the related variables. However, univariate analysis found that the risk of stent restenosis was increased by 76% for every stent added during urgent PCI. So, patients with NSTE-ACS had significantly lower risk of restenosis than other types of presentation as the number of stents increased. The reason may be that the vascular lesion of NSTE-ACS was generally more serious than other types of ACS, [32] and its thrombus was mainly white thrombus, [33] which the main component was platelet. As a result of that, the blood vessel opening mainly depends on stent placement, but thrombolysis therapy was not effective. That means that stent placement was the most critical and important treatment. [31] However, the stent placement in other types of ACS sometimes might be ineffective and unnecessary which would cause side effects obviously.
This study found that PES stents had a lower risk of restenosis than SES and non-DES stents. At present, there were consistent research conclusions that the restenosis rate of drug-eluting stents was lower than that of non-drug-eluting stents. However, the incidence of restenosis of PES and SES stents is still controversial. A randomized controlled trial involving 1012 cases followed up for 10 years found that the stent restenosis rate of PES was 33.8%, while that of SES was 33.7%. There was no significant difference between the two (P = .72). [34] In another retrospective study that included 1845 patients, it was found that drug-eluting stent types were the stronger predictors of restenosis. Compared with PES, SES was associated with adjusted OR of 0.60 (95% CI, 0.44 to 0.81) for angiographic restenosis. [35] Our research got a different conclusion, which may be due to the relatively large sample size of this research, while we adjust the mixed variables, so our research conclusion has certain reliability. However, since our study is a retrospective study, further study is needed.
When compared with the previous studies, our study has the following characteristics: 1) our study was with a much larger sample size which would make the results more reliable; 2) we adjusted the possible confounding factors that might be related to stent restenosis to achieve the independent effect of the number of stents on stent restenosis; 3) we found that the number of stents 2 would significantly decrease the risk of stent restenosis, which has not been reported before; 4) we also found that 50 < Age and female as the number of stents increased, the risk of stent restenosis would increase obviously, which also hasn't been reported before; 5) at the same time, we also newly found that patients with PES (paclitaxel-eluting stent), as the number of stents increased, the risk of stent restenosis did not increase.
Generalizability
1)
We adjusted the possible confounding factors that might be related to stent restenosis to achieve the independent effect of the number of stents on stent restenosis; 2) we found that the number of stents 2 would significantly decrease the risk of stent restenosis, which has not been reported before;
3) we also found that 50 < Age and female as the number of stents increased, the risk of stent restenosis would increase obviously, which also has not been reported before.
Limitations of this study
1) This is an observational single-center registry and may have an inherent bias common to this type of study.
2) The follow-up angiography was only performed on the symptoms and the examination abnormalities, so only 23.8% of patients, which might lead the rate of in-stent restenosis to be underestimated.
Conclusion
The number of stents was an independent risk of stent restenosis in patients undergoing PCI, especially for patients with the following conditions: 2 < the number of stents, 50 < age, female, non-urgent PCI, Non-DES or SES.
